One contribution of 8 to a theme issue 'Coordination polymers and metal-organic frameworks: materials by design'.
1 coordinates to three distinct secondary building units through the isophthalate and the pyridyl functional groups in a T-shape. L 2 and L 3 coordinate to Cu(II) in an identical manner. Copper is green, oxygen is red, nitrogen is blue, carbon is grey and hydrogen is white.
(b) Synthesis of diethyl 4 -(pyridin-4-yl)biphenyl-3,5-dicarboxylate 1,4-Dioxane (80 ml, degassed with N 2 ) was added to a mixture of 4-(4-bromophenyl)pyridine (1.7 g, 7.3 mmol), 3,5-bis(ethoxycarbonyl)phenylboronic acid (2.33 g, 8.76 mmol), K 3 PO 4 (4.65 g, 21.91 mmol) and Pd(PPh 3 ) 4 (210 mg, 0.18 mmol). The reaction was heated at 90°C under N 2 for 4 days; progress of the reaction was monitored by TLC and ESMS. The solvent was removed in vacuo, the residue suspended in H 2 O (100 ml), and extracted with CH 2 Cl 2 (3 × 100 ml). The organic layer was washed with brine, dried over MgSO 4 , filtered and concentrated. The crude product was purified by column chromatography (silica, CH 2 Cl 2 : EtOAc (3 : 1)). Yield: 1.48 g, 39 mmol, 54%. 1 , and the widest aperture of the channel is defined by the hexagons of the Kagomé layer described above (cross-sectional area = 141.0 Å 2 ). The length of the narrow and the wide pore is determined by the spacing between Kagomé layers. The total solvent accessible volume in [Cu(L 1 )], calculated using the SQUEEZE algorithm within PLATON [27, 28] was determined to be 7880 Å 3 , equivalent to 57% of the total volume of the unit cell. Thermogravimetric analysis of [Cu(L 1 )] under a dynamic N 2 flow reveals that the encapsulated guest can be removed by heating up to 200°C, followed by decomposition of the framework at 300°C (see the electronic supplementary material). The similarity of the PXRD patterns of the as-prepared and the desolvated material demonstrates that [Cu(L 1 )] is stable to guest loss without causing collapse of the structure. Using TOPOS [29] , the topology of [Cu(L 1 )] was found to be a bi-nodal (3,6)-connected net wherein each ligand is a three-connecting node, and each [Cu 2 (O 2 CR) 4 N 2 ] paddlewheel is a six-connecting node with stoichiometry (3-c) 2 (6-c). The Schläfli symbol for [Cu(L 1 )] is {4 2 . 6} 2 {4 4 . 6 2 . 8 6 . 10 3 }, corresponding to a previously unknown topology (full details are given in the electronic supplementary material). figure 3) . This has the effect of removing the pore channels observed within [Cu(L 1 )] with the potential void space minimized and forming apertures too small for guests to enter. Internal cavities do exist within the structure, with an aggregate volume which PLATON/SQUEEZE determines to be 6474 Å 3 , equivalent to 44% of the total unit cell volume. As the ligand and cluster binding modes of [Cu(L 2 )] are identical to those observed in [Cu(L 1 )], the topology can also be described as a bi-nodal (3,6)-connected net with stoichiometry (3-c) 2 (6-c). However, the interweaving of the ligands along the c-axis changes the connectivity, and hence the Schläfli symbol for [Cu(L 2 )] to {6 3 } 2 {6 8 · 8 7 }, which is a new topology (see the electronic supplementary material). [Cu(L 3 )]-I crystallizes in the orthorhombic space group Pbca, and shows a square grid in the ab plane, rather than a Kagomé layer as described above. The framework is completed by coordination of the pyridyl functionalities of L 3 to the Cu(II) centre in the binuclear paddlewheel along the c-axis. The layers stack in an ABA arrangement with each successive layer translated by 0.5a and 0.5b, and although there are square windows with a cross-sectional area of 18.8 Å 2 , the overlapping of the ligands along the c-axis precludes the formation of any channels and minimizes potential void space (figure 4). Discrete internal cavities exist within the structure, which PLATON/SQUEEZE determines to have an aggregate volume of 1594 Å 3 , equivalent to 29% of the total unit cell volume. As the ligand/metal coordination is the same as the previous structures, the topology of the structure can be described as a bi-nodal (3,6)-connected net with stoichiometry (3-c) 2 (6-c). However, the different layer connectivity changes the Schläfli symbol for [Cu(L 3 )]-I to {6 12 · 8 3 }{6 3 } 2 , which is the same as the mineral pyrite (see the electronic supplementary material).
[ A check for missing symmetry elements or higher symmetry space groups was therefore undertaken within PLATON, but no additional symmetry could be found, indicating that the current assignment is correct (see the electronic supplementary material). The structure of the framework is best viewed perpendicular to the plane of the Kagomé layer, and there is no apparent potential porosity within the structure as the bulky naphthalene groups of L 3 point into the centre of the channels within the structure ( figure 5(c,d) ). However, in the absence of a phase-pure bulk samples porosity studies could not be performed on this material.
The structures of the Cu(II) pyridyl-isophthalate frameworks described above consist of twodimensional layers generated from the combination of the isophthalate coordination to binuclear [Cu 2 (O 2 CR) 4 N 2 ] paddlewheel moieties. There exist two types of layers, Kagomé and square, which can be further divided into two additional supramolecular isomers, controlled by the connectivity of the pyridyl group on the ligands, directly affecting the topology. As observed in the structural descriptions above, this connectivity change can manifest itself as an interweaving of the ligands as in [Cu(L 2 )], or as modulation of the porosity as in [Cu(L 3 )]-I and [Cu(L 3 )]-II. As the changes in connectivity between the supramolecular isomers do not adversely affect the coordination of the ligands to Cu(II), we surmise that the lattice energy difference between the structures cannot be large. with a maximum uptake of 444 cm 3 g −1 (at 1 bar), and a Brunauer-Emmett-Teller (BET) surface area of 1392 m 2 g −1 . To evaluate the pore size distribution and volume within [Cu(L 1 )], the N 2 isotherm was analysed using non-local density functional theory (NLDFT) based on a zeolite/silica model containing cylindrical pores [31] . The pore volume of 0.654 cm 3 g −1 for [Cu(L 1 )] is in good agreement with the theoretical value calculated from the crystal structure using PLATON (0.694 cm 3 g −1 ). The density of N 2 within the material was calculated from the pore volume determined crystallographically and was found to be 800 kg m −3 , which is in excellent agreement with the density of liquid N 2 at 77 K (808 kg m −3 ) (figure 6).
The CO 2 adsorption isotherm data are summarized in table 1 ( figure 7) . From the collected data, the isosteric heat of adsorption (Q st ) was determined to be 25.5 kJ mol −1 by fitting a virialtype equation to the CO 2 adsorption isotherms at 273 and 298 K. Although the maximum uptake of CO 2 is quite low compared with the best MOF carbon capture adsorbents [19, 30, [32] [33] [34] [35] , the measured heat of adsorption is similar to other MOFs which display more than double the uptake capacity in analogous conditions (table 2) [32, 34] .
The H 2 isotherm for [Cu(L 1 )] shows a maximum uptake of 4.11 wt% at 19.5 bar, and an uptake of 2.08 wt% at 1 bar, consistent with the H 2 isotherms of the NOTT-100 series [16, 36] figure 8 and table 3 ).
